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Strong decays of the higher isovector scalar mesons
Guan-Ying Wang,1 Shi-Chen Xue,1 Guan-Nan Li,1 En Wang∗,1 and De-Min Li†1
1Department of Physics, Zhengzhou University, Zhengzhou, Henan 450001, China
(Dated: October 2, 2018)
Under the assignment of a0(1450) as the ground isovector scalar meson, the strong decays of
a0(1950) and a0(2020) are evaluated in the
3P0 model. Our calculations suggest that a0(1950) and
a0(2020) can be regarded as the same resonance referring to a0(3
3P0). The masses and strong decays
of a0(2
3P0) and a0(4
3P0) are also predicted, which can be useful in the search for radially excited
scalar mesons in the future.
PACS numbers: 14.40.Be, 13.25.Jx
I. INTRODUCTION
In the framework of quantum chromodynamics (QCD),
apart from the ordinary qq¯ states, other exotic states such
as glueballs, hybrids, and tetraquarks are permitted to
exist in meson spectra. To identify these exotic states,
one needs to distinguish them from the background of or-
dinary qq¯ states, which requires one to understand well
the conventional qq¯ meson spectroscopy both theoreti-
cally and experimentally.
Experimentally, a0(980), a1(1260), b1(1235), and
a2(1320), respectively, as the the lowest-lying J
PC =
0++, 1++, 1+−, and 2++ states, have been well es-
tablished [1]. In contrast to a1(1260), b1(1235), and
a2(1320), which can be well accommodated in the or-
dinary qq¯ picture, a0(980), together with its multiplet
partners σ, κ, and f0(980), does not fit well into the pre-
dictions of the quark model. For example, the observed
mass ordering of these lowest scalar states is mσ < mκ <
ma0,f0 [1], while in the conventional quark model, by a
naive counting of the quark mass, the mass ordering of
the scalar qq¯ nonet should be mσ ∼ ma0 < mκ < mf0 .
These scalar states below 1 GeV are generally believed
not to be qq¯ states [2–7].
At present, above the a0(980) mass, three higher
isovector scalar states, a0(1450), a0(2020), and a0(1950),
have been reported experimentally. a0(1450) was ob-
served in pp¯ annihilation experiments [8, 9], D± →
K+K−pi± [10], and D0 → K0SK±pi∓ [11]. a0(2020) with
two alternative solutions of similar masses and widths
was found by the Crystal Barrel Collaboration in the
partial wave analysis of the data on p¯p → pi0η and
pi0η′ [12], and a0(1950) was observed by the BABAR
Collaboration in the processes γγ → K0sK±pi∓ and
γγ → K+K−pi0 [13]. The masses and widths of the
three isovector scalar states are listed in Table I. The
lattice QCD calculations support that the lowest isovec-
tor scalar qq¯ state corresponds to a0(1450) rather than
a0(980) [14–16]. It is widely accepted that a0(1450) is
the isovector member of the 13P0 qq¯ nonet [1]. The na-
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tures of a0(2020) and a0(1950) are unclear. To be able to
understand the nature of a newly observed state, it is nat-
ural and necessary to exhaust the possible qq¯ description
before restoring to more exotic assignments. Therefore,
with the assignment of a0(1450) as the ground qq¯ state,
one naturally asks whether the higher isovector scalar
states, a0(2020) and a0(1950), can be identified as the
radial excitations of a0(1450).
TABLE I: The masses and widths of the higher isovector
scalar states (in MeV).
State Mass Width Ref.
a0(1450) 1474 ± 19 265± 13 [8, 9]
a0(2020)
2025 ± 30 330± 75 [12]
1980+12−80 225
+120
−32 [12]
a0(1950) 1931± 14± 22 271± 22± 29 [13]
Theoretical efforts on the quark model assignments for
a0(2020) and a0(1950) have been carried out. It is sug-
gested that a0(1950)/a0(2020) can be assigned as the
23P0 state based on the extended linear sigma model
in Ref. [17], where a0(2020) is considered earlier evi-
dence for a0(1950). In addition, a0(1950)/a0(2020) is
assigned as the 33P0 state based on the relativistic quark
model in Ref. [18], where the predicted a0(3
3P0) mass is
about 1993 MeV, in agreement with both the a0(1950)
and a0(2020) masses within errors. Obviously, further
studies on the quark model assignments for a0(1950) and
a0(2020) in other approaches are needed. Also, from
Table I, one can see that the resonance parameters of
a0(2020) are close to those of a0(1950). The observed
mass difference between a0(1950) and a0(2020) is less
than 100 MeV; in such a small mass interval, it would
be very difficult to accommodate two radial excitations
of a0(1450) in practically all the quark models. We there-
fore conclude that if both a0(2020) and a0(1950) can be
explained as qq¯ states, they should correspond to the
same resonance. In this work, we shall discuss the pos-
sible quark model assignments of a0(2020) and a0(1950)
by investigating their strong decays in the 3P0 model and
check whether a0(2020) and a0(1950) can be identified as
the same scalar meson.
2The organization of this paper is as follows. In Sec. II,
we give a brief review of the 3P0 model. In Sec. III,
the calculations and discussion are presented, and the
summary and conclusion are given in Sec. IV.
II. THE 3P0 MODEL
In this work, we employ the 3P0 model to evaluate the
Okubo-Zweig-Iizuka-allowed open flavor two-body strong
decays of the initial meson. The 3P0 model, also known
as the quark-pair creation model, was originally intro-
duced by Micu [19] and further developed by Le Yaouanc
et al.[20–22]. The 3P0 model has been widely applied to
study strong decays of hadrons with considerable suc-
cess [23–40]. The main assumption of the 3P0 model is
that the strong decay occurs through a quark-antiquark
pair with the vacuum quantum number. The new pro-
duced quark-antiquark pair, together with the qq¯ within
the initial meson, regroups into two outgoing mesons in
all possible quark rearrangement ways.
Following the conventions in Ref. [31], the transition
operator T of the decay A → BC in the 3P0 model is
given by
T = −3γ
∑
m
〈1m1−m|00〉
∫
d3p3d
3p4δ
3(p3 + p4)
Ym1
(
p3 − p4
2
)
χ341−mφ
34
0 ω
34
0 b
†
3(p3)d
†
4(p4), (1)
where the γ is a dimensionless parameter denoting the
probability of the quark-antiquark pair q3q¯4 with quan-
tum number JPC = 0++. p3 and p4 are the momenta
of the created quark q3 and antiquark q¯4, respectively.
χ341,−m, φ
34
0 , and ω
34
0 are the spin, flavor, and color wave
functions of q3q¯4, respectively. The solid harmonic poly-
nomial Ym1 (p) ≡ |p|1Y m1 (θp, φp) reflects the momentum-
space distribution of the q3q¯4.
The partial wave amplitudeMLS(P ) of the decayA→
BC can be given by [41],
MLS(P ) =
∑
MJB ,MJC ,
MS ,ML
〈LMLSMS |JAMJA〉
〈JBMJBJCMJC |SMS〉
×
∫
dΩY ∗LMLMMJAMJBMJC (P ), (2)
where MMJAMJBMJC (P ) is the helicity amplitude and
defined as,
〈BC|T |A〉 = δ3(PA − PB − PC)MMJAMJBMJC (P ).(3)
|A〉, |B〉, and |C〉 denote the mock meson states defined
in Ref. [42].
Due to different choices of the pair-production ver-
tex, phase space convention, and employed meson space
wave function, various 3P0 models exist in the literature.
In this work, we employ the simplest vertex as intro-
duced originally by Micu, who assumes a spatially con-
stant pair-production strength γ[19], relativistic phase
space, and simple harmonic oscillator (SHO) wave func-
tions. With the relativistic phase space, the decay width
Γ(A → BC) can be expressed in terms of the partial
wave amplitude,
Γ(A→ BC) = pi|P |
4M2A
∑
LS
|MLS(P )|2, (4)
where |P | =
√
[M2
A
−(MB+MC)2][M2A−(MB−MC)
2]
2MA
, and MA,
MB, and MC are the masses of the mesons A, B, and C,
respectively. The explicit expressions for MLS(P ) can
be found in Refs. [31–33].
Under the SHO approximation, the meson space wave
function in the momentum space is
ψnLML(p) = R
SHO
nL (p)YLML(Ωp), (5)
where the radial wave function is given by
RSHOnL (p) =
(−1)n(−i)L
β3/2
√
2n!
Γ(n+ L+ 3/2)
×
(
p
β
)L
e−(p
2/2β2)LL+(1/2)n
(
p2
β2
)
. (6)
Here β is the SHO wave function scale parameter, and
L
L+(1/2)
n
(
p2
β2
)
is an associated Laguerre polynomial.
III. CALCULATION AND RESULTS
In our calculations, the model parameters include the
light nonstrange quark pair creation strength γ, the SHO
wave function scale β, and the constituent quark masses.
β is set to be βA = βB = βC = 0.4 GeV, the typi-
cal values used to evaluate the light meson decays, as
in Refs. [25, 26, 31–35, 39, 43–45], and the constituent
quark masses are taken to be mu = md = 330 MeV
and ms = 550 MeV, as in Refs. [27, 31–35, 39]. We
take γ = 7.1 by fitting to the total width of a0(1450)
as the 13P0 state. The strange quark pair creation
strength γss¯ can be related by γss¯ = γ
mu
ms
[46]. The
meson flavor wave functions follow the conventions of
Refs. [26, 47] except for f1(1285) = −0.28nn¯ + 0.96ss¯,
f1(1420) = −0.96nn¯− 0.28ss¯, as in Ref. [48], η(1295) =
(nn¯ − ss¯)/√2, η(1475) = (nn¯ + ss¯)/√2, as in Ref. [49],
where nn¯ = (uu¯ + dd¯)/
√
2. Masses of the final state
mesons are taken from [1].
The decay widths of a0(1450) as the 1
3P0 state are
listed in Table II. The dominant decay modes of the 13P0
isovector state are piη, piη′, and KK¯, consistent with ob-
servations of a0(1450) [8, 9, 50].
The decay widths of a0(1950) as the 2
3P0 and 3
3P0
states are shown in Table III. If a0(1950) is the 2
3P0
3TABLE II: Decay widths of a0(1450) as the 1
3P0 state (in
MeV). The initial state mass is set to be 1474 MeV
Channel Mode Γi(1
3P0)
0+ → 0−0− piη 72.77
piη′ 144.47
piη(1295) 0.86
KK¯ 34.40
0+ → 0−1+ pib1(1235) 9.96
pif1(1285) 3.98
Total width 266.45
Experiment [1] 265± 13
TABLE III: Decay widths of a0(1950) as the 2
3P0 and 3
3P0
states (in MeV). The initial state mass is set to be 1931 MeV.
Channel Mode Γi(2
3P0) Γi(3
3P0)
0+ → 0−0− piη 26.00 5.13
piη′ 2.07 2.52
pi(1300)η 37.75 29.72
piη(1475) 20.81 13.22
piη(1295) 7.03 1.97
KK¯ 0.42 0.74
0+ → 0−1+ pib1(1235) 339.48 90.06
pif1(1285) 84.42 9.18
pif1(1420) 4.38 0.61
KK1(1270) 28.31 9.97
KK1(1400) 2.38 0.72
ηa1(1260) 24.12 3.74
0+ → 1−1− ρω 181.18 36.07
K∗K¯∗ 10.94 2.05
0+ → 0−2− piη2(1645) 1.24 1.58
Total width 770.51 207.27
Experiment [13] 271± 22± 29
state, its total width is expected to be about 771 MeV,
much larger than the observed a0(1950) width of 271 ±
22± 29 MeV [13]. The possibility of a0(1950) being the
23P0 state can be ruled out. If a0(1950) is the 3
3P0 state,
its total width is about 207 MeV, reasonably close to
the measurement within errors. The dependence of the
total width of a0(3
3P0) on the initial state mass is shown
in Fig. 1. Within the a0(1950) mass errors, the total
width does not change too much. The assignment of
a0(1950) as the 4
3P0 state can also be ruled out because
the predicted width for a0(4
3P0) with a mass of 1931
MeV is about 37.3 MeV (see also Fig. 3), much smaller
than the a0(1950) width. Therefore, the measured mass
and width for a0(1950) are in favor of it being the 3
3P0
state.
As shown in Fig. 1, a0(3
3P0) with a mass of 2025 MeV
is predicted to have a width of about 217 MeV , about 38
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FIG. 1: The dependence of the total width of a0(3
3P0) on the
initial state mass. The dashed line with a green band denotes
the BABAR experimental data [13].
MeV smaller than the lower limit of Crystal Barrel’s solu-
tion I for the a0(2020) width of 330±75MeV [12], and the
predicted width for a0(3
3P0) with a mass of 1980 MeV
is about 218 MeV, in agreement with Crystal Barrel’s
solution II for the a0(2020) width of 225
+120
−32 MeV [12].
The possibility of a0(2020) being the 2
3P0 state can be
ruled out because the expected width for a0(2
3P0) with a
mass of 1980 (2025) MeV is about 895 (995) MeV, much
larger than the observed width of a0(2020), as shown in
Table I. The predicted width for a0(4
3P0) with a mass
of 1980 (2025) MeV is about 36.8 (34.6) MeV (see also
Fig. 3), much smaller than the a0(2020) width, which
makes a0(2020) unlikely to be the 4
3P0 state. So, the
measured mass and width for a0(2020) are consistent
with an assignment of the 33P0 state.
The experimental evidence for both a0(1950) and
a0(2020) turns out to be consistent with the presence
of the same resonance corresponding to a0(3
3P0). This
naturally establishes 1.9 GeV as the approximate mass
for the nn¯ members of the 3P nonets, which could be
useful to search for the nn¯ members of the 3P nonets
experimentally. The dominant decay modes of a0(3
3P0)
are pi(1300)η, piη(1475), pib1(1235), KK1(1270), and ρω.
a1(1640) and a2(1700) as the 2P radial excitations
have been established [25, 51], which also fixes the nat-
ural mass scale for the nn¯ members of the 2P multi-
plets as about 1.7 GeV. One can expect to find a0(2
3P0)
near 1.7 GeV. At present, no candidate for the isovec-
tor scalar state around 1.7 GeV is reported experimen-
tally. An a0-like pole associated to a resonance with a
mass of about 1760 MeV is found by investigating the
meson-meson interaction in Refs. [52, 53]. The a0(2
3P0)
mass in the extended linear sigma model is expected
to be 1790 ± 35 MeV [17]. Systematic studies on the
meson spectra in the relativistic quark models show
that the expected a0(2
3P0) mass is about 1679 ∼ 1780
MeV [18, 47]. Phenomenologically, it is suggested that
the light mesons could be grouped into the following
Regge trajectories[54],
M2n =M
2
0 + (n− 1)µ2, (7)
4TABLE IV: Decay widths of a0(2
3P0) (in MeV). The initial
state mass is set to be 1744 MeV.
Channel Mode Γi(2
3P0)
0+ → 0−0− piη 7.91
piη′ 2.46
piη(1475) 19.25
piη(1295) 20.86
KK¯ 1.07
0+ → 0−1+ pib1(1235) 213.08
pif1(1285) 38.54
pif1(1420) 1.02
0+ → 1−1− ρω 59.96
Total width 364.12
where M0 is the lowest-lying meson mass, n is the ra-
dial quantum number, and µ2 is the slope parameter of
the corresponding trajectory. In the presence of a0(1450)
and a0(1950)/a0(2020) being the 1
3P0 and 3
3P0 states,
respectively, the a0(2
3P0) mass can be determined to
be about 1744 MeV based on Eq. (7),1 consistent with
the extended linear sigma model prediction [17] and the
quark model predictions [18, 47].
The strong decays of a0(2
3P0) with a mass of 1744MeV
are presented in Table IV. The total width of a0(2
3P0)
is expected to be about 364 MeV. The dominant de-
cay modes of a0(2
3P0) include piη(1475), piη(1295),
pib1(1235), pif1(1285), and ρω. The dependence of the
total width of a0(2
3P0) on the initial state mass is shown
in Fig. 2. When the initial state mass varies from 1700
to 1800 MeV, the total width of the a0(2
3P0) varies from
about 298 to 460 MeV. With the initial state mass of
1700 MeV, our predicted width of 298 MeV is in agree-
ment with the width of 293 MeV expected by Ref. [25]
for a0(2
3P0).
1 We take Ma0(1450)=1474 MeV, Ma0(1950)/a0(2020) = (1931 +
2025)/2=1978 MeV, the average value of the a0(1950) mass re-
ported by the BABAR Collaboration [13] and the favoured solu-
tion for the a0(2020) mass [12].
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FIG. 2: The dependence of the total width of a0(2
3P0) on the
initial state mass.
TABLE V: Decay widths of a0(4
3P0) (in MeV). The initial
state mass is set to be 2187 MeV.
Channel Mode Γi(4
3P0)
0+ → 0−0− piη 0.00023
piη′ 0.41
pi(1300)η 0.19
piη(1475) 0.77
piη(1295) 4.63
KK¯ 0.37
KK(1460) 2.74
0+ → 0−1+ pib1(1235) 0.0032
pif1(1285) 0.09
pif1(1420) 0.04
KK1(1270) 4.27
KK1(1400) 2.50
ηa1(1260) 0.34
0+ → 1−1− ρω 4.26
K∗K¯∗ 1.49
0+ → 0−2− piη2(1645) 13.85
Total width 35.96
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FIG. 3: The dependence of the total width of a0(4
3P0) on the
initial state mass.
a0(4
3P0) is predicted to have a mass of about 2187
5MeV based on Eq. (7), consistent with 2250 MeV, the
expected mass for a0(4
3P0) in the quark model [18]. The
strong decays of a0(4
3P0) with a mass of 2187 MeV are
listed in Table V. The dependence of the total width of
the 43P0 isovector state on the initial state mass is shown
in Fig. 3. A narrow width for a0(4
3P0) is predicted. The
piη(1295), KK1(1270), ρω, and piη2(1645) channels are
the dominant decay modes for a0(4
3P0). As we can see
in Figs. 1 and 3, the width derivatives are a discontinuity
around 1950 MeV, which is because the decay channel
KK(1460) is open above this energy.
IV. SUMMARY AND CONCLUSION
Observations of the state a0(1950) by the BABAR Col-
laboration have enlarged the family of the isovector scalar
mesons. In this work, we discuss the possible quark
model assignments of a0(1950) and a0(2020) by calcu-
lating their strong decays in the 3P0 model. We sug-
gest that a0(1950) and a0(2020) can be regarded as the
same resonance referring to a0(3
3P0). The confirmation
of a0(1950)/a0(2020) as the 3
3P0 state thereby estab-
lishes about 1.9 GeV as a natural mass scale for the nn¯
members of the 3P nonets.
In the presence of a0(1450) and a0(1950)/a0(2020) be-
ing the 13P0 and 3
3P0 states, respectively, in Regge phe-
nomenology, the masses of a0(2
3P0) and a0(4
3P0) are
predicted to be about 1744 MeV and 2187 MeV, respec-
tively. The predicted masses for a0(2
3P0) and a0(4
3P0)
are consistent with some other theoretical expectations.
The total widths of a0(2
3P0) and a0(4
3P0) are expected
to be about 364 MeV and 36 MeV, respectively. Our
predictions could be useful to study the higher isovector
scalar mesons experimentally.
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